Abstract: Various fields of manufacturing, management, and business, including technology education, software development, and information communication technology (ICT), have espoused sustainability concepts. Including sustainability concepts in technology, education can help students learn how to implement the dimensions of sustainability (economic, social, and environmental). Lack of awareness and education regarding sustainability among students can impact their competence to incorporate sustainability into technology development. Thus, the development of student competence across the curriculum of technology education for sustainability is crucial. This research aims to explore student competence development in technology education (IT, computer science, and software development) through investigating their awareness of sustainability, and to investigate how much sustainability is infused across the technology education curriculum. The case study for this research is taken from a very populous and developing country-Pakistan. First, an in-depth survey of higher education students is conducted to investigate their awareness level of sustainability. Second, qualitative document analysis is conducted, where the standard curriculum for technology education is taken and analyzed for its provision towards sustainability. A total of 159 students from various public-sector universities of Pakistan reported their awareness towards sustainability. The results show that 71% of them are unaware of the term sustainability in their respective fields, only 17% students know the basic definition of sustainability, and 12% of students have just an idea of how sustainability is related to technology education. It is also observed that the current curriculum of technology education does not sufficiently cover specific subjects or topics that can help students understand the concepts of sustainability. This study highlights the gaps in the offered curriculum for building the desired competence of students in technology education.
Introduction
The emerging role of technology for sustaining our society and environment is becoming crucial [1] . Although sustainability has been discussed in various fields, including manufacturing [2] ,
•
To what extent does sustainability awareness exist among students? • How much sustainability is infused across the technology education curriculum?
This research has undertaken a case study from a very populous and developing country-Pakistan. Education for sustainability and its awareness among students, if left unattended and ignored, can impact directly on students' skills, abilities, and performance. The lack of incorporation of sustainability education in technology development can lead to software crises [12] . To tackle this, there is a need to educate students in advance to build the required competence for addressing sustainability. In this context, a comprehensive investigation of the course curriculum is required. It is essential to determine whether technology education-related degree programs have sufficient sustainability content in their curriculum.
This study employed a mixed research methodology of qualitative investigation through document analysis and a survey through a questionnaire. A curriculum of technology education followed in Pakistan is taken for document analysis. Moreover, a survey is conducted among university students to investigate their awareness regarding sustainability. The rest of the paper is organized into four sections. In Section 2, the literature on sustainability's definition in general and in the context of technology education is reviewed. Section 3 reports the research methods used in this research. Section 4 reports the results collected in this study. Section 5 presents a detailed analysis of the results, followed by a discussion of the results in Section 6. Lastly, Section 7 outlines the research conclusion, limitations, and future work.
Literature Review
This section reports the general concept of sustainability and from the perspective of technology development.
Sustainability in the Context of Technology Education
The concept of 'sustainability' refers to the capacity to survive over an extended period [5] , considering environmental, social, and technological aspects to save future resources [12] . Earlier, Brundtland report from the United Nations (UN) refers to sustainability as " . . . meet the needs of the present without compromising the ability of future generations to satisfy their own needs" [13] . Sustainable development is described as those acts and procedures that can develop a sustainable product [12] . Also, it is specified that sustainable development focuses on addressing the social, environmental, and technological sustainability aspects [14] . Sustainable development generally refers to two concepts: first, related to aspects that can generate a long-lasting product; second, related to sustainable practices that can sustain a product. Various fields have witnessed the importance of sustainability [15] . However, the literature reveals that academics and practitioners show an interest in sustainability for technology development [9] .
Numerous studies have reported technology sustainability and generally denote it as 'green' or 'sustainable' technology [16] . Green technology refers to environmentally friendly technology with minimal or no effect on the environment [16] . Green technology is further categorized into four aspects, including energy efficiency, smartness in the system, green policies, and environmentally friendly products [16] .
Sustainable technology is a long-lasting endeavour focusing on sustainable goals [17] . In 2013, Dick and colleagues defined sustainable technology in the context of software as "software, whose impacts on the economy, society, human beings, and the environment that result from development, deployment, and usage of the software are minimal and/or which have a positive effect on sustainable development" [8] . Some other researchers [18] linked the concept of sustainable technology with software development coding style. According to them, the coding style should focus on sustainable goals through sustainable development practices.
Hence, aspects of green and sustainable technology can be achieved through the development of sustainable software. Energy-efficient coding scheme optimized code and resource optimization are some of the important aspects of sustainability in software. Ignoring the sustainability aspects in software development can cause technology failure [7] . Such failure can become a cause of emerging sustainability issues regarding social, economic, and environmental aspects [19] .
Education for Understanding Sustainability
Educating sustainability and providing awareness of it to students is crucial. In this regard, sustainability understanding of technology education can be nurtured from educational institutes. Universities all over the world are dedicated to achieving sustainability in terms of their operations, research, and curriculum [20] .
Thus, diffusing sustainability in higher education (HE) for sustainable development is a recent [2] and a promising research area [20] . Therefore, educating sustainability among students must encapsulate the practices and strategies of energy efficiency, risk reduction, green computing, sustainable designs, climate change, and sustainable consumption of resources [3] . With the inclusion of such concepts in their education, student's competencies can be enhanced [11] . 
Significance of Sustainability Awareness
Awareness among students for sustainability is generally associated with the environment, especially related to pollution [21] . Having an awareness of sustainability among students can eventually contribute not only to understanding sustainability but also to contributing towards sustainable technology development.
Providing sustainability awareness to students requires educational institutes to adapt their vision, policy, teaching, and in particular their curriculum [22] . As the sustainability concept is expanding in the technology industry [23] , the sustainable mindset of young graduates must be nurtured through education.
Although efforts have been directed towards highlighting sustainability education's importance [24] , little attention has been given to investigating the inclusion of sustainability in technology education curriculum for students' competence development [22] . Addressing such key sustainable competencies among students is the imperative need of the industry. Therefore, there is a need to examine universities programs for inclusion of sustainability education in their curriculum. This research aims to investigate the level of sustainability diffusion in technology education-related programs along with the level of sustainability awareness of students.
To respond to the pressing concern of educating sustainability, two research questions are addressed: RQ1-To what extent does sustainability awareness exist among students? RQ2-How much sustainability is infused across the technology education curriculum? Each of the research questions is answered using a mixed research methodology. Section 3 describes the mixed methodology used in this research.
Research Methodology
A mixed research methodology is useful to explore findings from different perspectives [25] . Thus, a mixed research methodology is used in this study to investigate whether the sustainability-related courses are incorporated in the offered programs, and to what extent sustainability concepts are understood among students. First, the curriculum of the higher education commission (HEC) of Pakistan is taken for document analysis. This curriculum is selected because it is a standard document followed by universities all over Pakistan (Curriculum, 2017). Secondly, a survey through the questionnaire was conducted among university students to investigate their sustainability awareness. A mixed methodology is considered useful in a single study as it can aid in the validation of the research findings [25] . Detailed steps of the overall research methodology used in this research are shown in Figure 1 . Moreover, the details of the document analysis and survey methodology are reported in the following section. 
Document Analysis
Document analysis is one of the qualitative research methods that help researchers to explore any topic [25] . Such analysis is instrumental in getting textual information and insights. Documents generally have three types, including public records, personal documents, and physical evidence [26] . Subsequently, the curriculum is a public record that is available for universities to follow.
As the aim of this document analysis is to examine sustainability's incorporation within the offered curriculum, the curriculum of the higher education commission of Pakistan is taken for document analysis. To analyze the curriculum document, a comprehensive guideline by O'Leary that focuses on diversified research is followed [26] . The adapted guideline is explained in detail in the following section.
Create a List of Text to Explore
The curriculum of the higher education commission of Pakistan is taken as a subjective document for this research. It was ensured that the updated version of this document was considered.
How the Text is Assessed
The criteria for document analysis consists of two phases. In the first phase, the offered courses are reviewed by their names. Courses which are explicitly or implicitly named sustainability are selected for further analysis. The second phase refers to the course contents 
Document Analysis
Create a List of Text to Explore
How the Text is Assessed
The criteria for document analysis consists of two phases. In the first phase, the offered courses are reviewed by their names. Courses which are explicitly or implicitly named sustainability are selected for further analysis. The second phase refers to the course contents 3.1.3. Acknowledge and Addressing Bias Addressing bias is always challenging. However, the authors in this study have overcome this issue by considering a standard document for analysis.
Skills for Research
Skills are required to critically analyze the curriculum at the course and content level.
Data Relevance
Knowing the data's relevance before analyzing it is critical. Before starting the analysis of the whole curriculum, all semantics of sustainability are thoroughly checked to ensure the right analysis. Contents are also analyzed in the context of social, economic, and environmental sustainability aspects. Moreover, the topics of control of heat emission, energy efficient systems, code optimization, and resource utilization are also carefully analyzed in the offered courses.
Conduction of Survey
A survey was conducted to investigate the level of sustainability awareness among university students in Pakistan. The prime objective behind this is to examine their general level of understanding, as well as their understanding specific to their field. Moreover, the core is to examine students' proficiency in sustainability concepts and how they can use sustainability knowledge for technology education.
In this regard, all the higher education commission-registered universities of Pakistan were contacted via email. The survey invitations were sent to the concerned faculties to forward the questionnaire to their students in a hard or soft form. The survey questionnaire was adapted from the work of Penzenstadler et al. [27] . After modifying and aligning the contents of the questions with the aim of this survey, the developed questionnaire was validated for its content and face validity. Piloting of the questionnaire was done via fellow researchers, and their recommendations were amalgamated accordingly. The questionnaire validation was done through 'Average Congruency Percentage (ACP)', and 'Content Validity Index (CVI)'.
In this regard, six experts from academia were contacted. However, only three academicians participated. The predefined criteria of experts include; having more than ten years of experience, must be involved in software development, and have sound knowledge about sustainability.
In ACP, experts calculated the percentage of questions thought to be appropriate for them. In CVI, the content validity index for the individual item (I-CVI) was calculated. The questions were rated for their relevance. Expert 2 rated one out of 14 questions unrelated, resulting in 91.66% relevancy at their level. Expert 1 and expert 3 found all questions relevant, resulting in a 100% relevancy rate at their level. The experts' average value of congruency percentage is 95.5%, which is considered valid.
For CVI, the same experts were requested to assess each question's content relevance on a 4-point Likert scale. Where 1 = not related, 2 = somewhat related, 3 = related, 4 = strongly related. To decide the measures for relevance, the experts' rating 3 or 4 was considered as related, and 1 or 2 was considered as not related. The mean I-CVI value of questions by the experts was 0.87, and the Mean Expert Proportion was calculated as 0.87. The results of ACP and I-CVI show the high face and content validity of the questionnaire, hence certifying the quality of the instrument.
The questions and their responses by the survey participants are described in the Table A1 attached in Appendix A. A five-point Likert scale was used that consists of extremely aware, moderately aware, somewhat aware, slightly aware, and not at all aware. Distribution of the questionnaire among the target audience (students) was done in the form of hard copies and through the online survey tool, Google survey. As this research intends to focus more on a number of students, an online survey is much more useful because of its capability to collect data from diverse people and is efficient and cost-effective, as compared to the conventional survey. 
Data Sources
A diverse target population was approached by sending an invitation to all major universities of the four provinces of Pakistan. The list of selected universities from the four provinces is shown in Table 1 . A total of 13 universities showed a willingness to respond to the invitations. The web questionnaire (Google Survey Form) was sent to the student's email addresses. Thus, a total of 153 responses from students (filled questionnaire) were collected over the five-month duration (June 2018 to October 2018). Upon validating the received responses based on predefined quality criteria, nine of the responses were discarded due to the incompleteness of the questionnaire. Finally, a total of 144 responses were considered for further analysis. The socio-demographic details of the participants are shown in Table 2 . The demographic variables of the participants are Age, Gender, Degree/Course, Level, and Working Status. The timeline of receiving completed surveys is shown in Figure 2 , where the vertical axis shows the number of responses and the horizontal axis describes the time frame in which responses are collected. 
Data Analysis
Data encoding was done using a statistical tool for data analysis. The frequency and weighted means were computed. The aim is to investigate the students' response rate against their level of sustainability awareness.
Results
This study examined the curriculum followed by universities in Pakistan; specifically, whether sustainability is incorporated in programs and course contents. The extent of sustainability awareness among students was also investigated.
Results from Document Analysis
A thorough review was conducted on the curriculum of technology education. After a careful review process (see Section 3.1), the details of programs and courses offered in various universities were identified. Table 3 shows the university names, faculty name, department, programs offered, and course contents from the perspective of sustainability in technology education-related disciplines and analysis of their course contents. 
Data Analysis
Results
Results from Document Analysis
NIL -----------------Social and Organizational Issues of Information, Economics and Business in the Web (M.Phil CS) ---------------------------Software Management & Economics (MSIS and Tech) Emerging Trends in Software Development, Social Issues in Information Technology, software project management (MS CS) --------------NIL
NIL ------------- NIL -------------- Software project management ----------- NIL ----------- Software project management --------------- NIL ----------------- NIL
Survey Results
The aim of conducting a survey is to investigate the students' level of awareness for sustainability in technology education. The summarized results of 144 respondents in the survey are shown in Table 4 . The table comprises 'questions', 'optimistic', 'pessimistic', and 'impartial'. Furthermore, the detailed questionnaire and survey responses are attached in Appendix A. The detailed analysis of the results from document analysis and survey is subsequently described in the following section. Frequency of survey responses is calculated. Data analysis is made stronger when the frequency distribution is provided. The frequency distribution demonstrates the per cent of responses for each question that match the rating scale utilized by respondents to give their answers to the survey. Both analyses aimed to answer the research questions of this study.
Analysis
Most universities have lack dedicated sustainability programs. However, some of the universities have taken the initiative of offering courses on the graduate and postgraduate level. It is found that at the graduate level, courses such as 'professional practice', 'software project management', 'Software engineering economics', and 'software house practices' are offered.
Analyzing the content of the graduate level courses, it is observed that little has been incorporated related to sustainability understanding and its importance. In other words, a small number of courses have sustainability aspects incorporated in their content. The details of the course content are mapped by sustainability dimensions and are shown in Figure 3 . 
Survey Results
Analysis
Analyzing the content of the graduate level courses, it is observed that little has been incorporated related to sustainability understanding and its importance. In other words, a small number of courses have sustainability aspects incorporated in their content. The details of the course content are mapped by sustainability dimensions and are shown in Figure 3 . It is observed that the course of 'professional practices' has general ethics content that must be followed during software development. However, little has been covered in terms of social, environmental, and economic sustainability. The course of 'software project management' generally covers project management concepts and skills, but very little is covered relating to sustainability concepts. This course ignores the much-needed understanding of concepts of economic and It is observed that the course of 'professional practices' has general ethics content that must be followed during software development. However, little has been covered in terms of social, environmental, and economic sustainability. The course of 'software project management' generally covers project management concepts and skills, but very little is covered relating to sustainability concepts. This course ignores the much-needed understanding of concepts of economic and environmental sustainability. 'Software engineering economics' is targeted towards economic sustainability only and lacks social and environmental sustainability aspects. The 'software house practices' course incorporates management and technical aspects of how to run software houses. This course covers the concepts of social sustainability, but other aspects are less covered.
The offered courses for postgraduates are 'Advanced software project management', 'Software engineering management', 'Human factors in computing', 'Social and Organizational Issues of Information, Economics and Business in the Web', 'Software Management & Economics', 'Emerging Trends in Software Development', and 'Social Issues in Information Technology'. Surprisingly, fewer courses are offered related to sustainability in software development. However, after carefully analyzing the meaning and semantics of the titles of the offered courses, few courses seem to address sustainability.
The dimensions of social, economic, technological, and environmental sustainability are less targeted. Furthermore, it is observed that there is a lack of attention towards courses offering 'Energy efficient programming', 'energy-driven coding standards', and 'policy development for heat conducing environment'. The detailed results of the postgraduate course content related to sustainability dimensions are reported in Figure 4 . . Surprisingly, fewer courses are offered related to sustainability in software development. However, after carefully analyzing the meaning and semantics of the titles of the offered courses, few courses seem to address sustainability.
The dimensions of social, economic, technological, and environmental sustainability are less targeted. Furthermore, it is observed that there is a lack of attention towards courses offering 'Energy efficient programming', 'energy-driven coding standards', and 'policy development for heat conducing environment'. The detailed results of the postgraduate course content related to sustainability dimensions are reported in Figure 4 . The thorough analysis of postgraduate course content shows that the 'Social Issues in Information Technology' and 'Social and Organizational Issues of Information', and 'Economics and Business in the Web' courses focus more on social aspects of sustainability. Similarly, courses of 'Emerging Trends in Software Development' and 'Software Management and Economics' cover economic aspects. Moreover, human aspects of sustainability are covered in the courses, but environmental sustainability is lacking. It is argued that both graduate and postgraduate courses have generally incorporated the concepts of the economics of software, cost of software development, and the benefits of infusing software into organizations. Other courses have focused on social and organization issues, leaving behind the aspects of economic and environmental sustainability.
The survey results, as reported in AppendixA, show the awareness of students regarding sustainability and its dimensions. According to the statistics, 36.37% of the respondents were aware of sustainability and its dimensions. 43.32% of the respondents were unaware of the concepts of sustainability and its dimensions. However, 20.30% of the respondents were partially aware of sustainability and its dimensions. The thorough analysis of postgraduate course content shows that the 'Social Issues in Information Technology' and 'Social and Organizational Issues of Information', and 'Economics and Business in the Web' courses focus more on social aspects of sustainability. Similarly, courses of 'Emerging Trends in Software Development' and 'Software Management and Economics' cover economic aspects. Moreover, human aspects of sustainability are covered in the courses, but environmental sustainability is lacking. It is argued that both graduate and postgraduate courses have generally incorporated the concepts of the economics of software, cost of software development, and the benefits of infusing software into organizations. Other courses have focused on social and organization issues, leaving behind the aspects of economic and environmental sustainability.
The survey results, as reported in Appendix A, show the awareness of students regarding sustainability and its dimensions. According to the statistics, 36.37% of the respondents were aware of sustainability and its dimensions. 43.32% of the respondents were unaware of the concepts of sustainability and its dimensions. However, 20.30% of the respondents were partially aware of sustainability and its dimensions. 
Discussion
Sustainability conceptualization and its practices in the technology development field are necessary for addressing the industry's current and future needs [28] . To address the concern of the industry, it has been argued that an appropriate curriculum should provide sustainability education to students of related technology disciplines [29] .
It is observed that the current curriculum is unable to incorporate sustainability to create environment-friendly systems via less heat emitting technology, to have more economically sustainable solutions, and to have sustained technological systems. Efficient coding schemes and the importance of technology to increase the quality of human life and well-being are two concepts which are entirely missing from the curriculum. These concepts have to be incorporated into the curriculum to prepare students to be better future professionals.
If sustainability concepts are not comprehensively covered in the offered curriculum, the potential capabilities of students can be undermined. Moreover, it can also result in the misuse of energy resources, heat emission to the environment, carbon emission, and overbudgeted technology development [30] . Thus, the results found in this analysis highlight an urgent need to revisit the curriculum to incorporate the much-needed sustainability aspects into technology-related courses.
Our survey results also validated the findings of the document analysis of the curriculum followed in universities. The results confirm that most students do not have a general understanding of sustainability and are unaware of the significance of considering sustainability in technology development.
Students lack understanding of how sustainability is infused in the IT and software field and what benefits are associated if it is adequately incorporated [31] .
If sustainability is not properly addressed in the curriculum and among students, it may eventually contribute to the failure of the technology development industry. It is concluded that students must respond immediately to the issue of technological, social, and environmental sustainability. In other words, there is a strong need for periodically revisiting the curriculum related to technology education (software engineering, computer science, and IT fields) to incorporate sustainability to enhance students' knowledge.
The amalgamation of sustainability could eventually help students to build capabilities to act as change agents to actively incorporate sustainability aspects directly or indirectly in technology development fields. As a result, energy efficient software, code optimization, risk reduction, green computing, and pro-environmental sustainable development can be achieved. Moreover, faculties also need to play a pivotal role in educating students about sustainability in technology development. Their teaching styles and methodologies must incorporate approaches through which software sustainability can be demonstrated. Furthermore, faculties can motivate students to focus on sustainability aspects in their degree projects, which they can continue later in their professional career. 
Our survey results also validated the findings of the document analysis of the curriculum followed in universities.
The results confirm that most students do not have a general understanding of sustainability and are unaware of the significance of considering sustainability in technology development.
The amalgamation of sustainability could eventually help students to build capabilities to act as change agents to actively incorporate sustainability aspects directly or indirectly in technology development fields. As a result, energy efficient software, code optimization, risk reduction, green computing, and pro-environmental sustainable development can be achieved. Moreover, faculties also need to play a pivotal role in educating students about sustainability in technology development. Their teaching styles and methodologies must incorporate approaches through which software sustainability can be demonstrated. Furthermore, faculties can motivate students to focus on sustainability aspects in their degree projects, which they can continue later in their professional career.
University management must develop policies that support sustainability. Green campuses and 'go green' are some of the initiatives that universities all over the world are focusing on. These initiatives can act as a foundation to bring awareness about sustainability in all fields. Universities must also organize seminars and workshops that can highlight the importance of sustainability in the information and communication technology and software engineering fields.
Conclusions
To respond to the challenging nature of sustainability in technology education, students need to be educated and well aware of sustainability dimensions. This research aimed to explore the development of students' competence in technology education (IT, computer science, and software development) through investigating their awareness of sustainability, and to investigate how much sustainability education is infused into the technology education curriculum. A thorough qualitative analysis was performed using document analysis by taking the HEC's recent curriculum to analyze the programs offered and their course contents through the lens of sustainability. A survey was also used to investigate the sustainability awareness of students.
It is found that the curriculum is yet to incorporate the essential aspects of sustainability into its programs and courses. Upon detailed analysis of the offered courses, it was found that sustainability contents are not adequately addressed. The survey analysis also revealed that students enrolled in technology education-related disciplines are not aware of sustainability concepts.
There is an urgent need to raise technology-related sustainability awareness among students through education. The curriculum must include sustainability and its dimensions for competence development. Furthermore, industries should conduct training and workshops to guide students.
Although the document analysis was conducted on the latest HEC curriculum, there is a possibility that the researchers may have overlooked the reported content. A small pool of documents advocates 'biased selectivity'. In an educational institution context, the available materials are expected to be aligned with the institution's policies and principals. The analysis of courses and their content is done on the basis of what is provided to the readers, which limits the generalization of the findings. Furthermore, a survey was conducted comprehensively; however, the sample size was a limitation, which can be further enhanced in future research.
A similar study should be conducted for other disciplines, such as Law, Politics, Policy and Planning, Journalism, Business, and Architectural Design. Future researchers should investigate the extent of sustainability awareness among the students of these other disciplines. 
